Objective: It was aimed to determine Cryptosporidium spp., which is thought to cause digestive system complaints in primary school children, by Modified Acid-Fast (MAF) staining method and Polymerase Chain Reaction (PCR). Method: One hundred sixty-four stool samples taken from children were examined under light microscopy with MAF. Positive samples were fixed in 10% formalin and stored at + 4 °C until analysis. These samples were then purified using the Sucrose Gradient method and, DNA isolation was performed using the modified QIAamp DNA Mini Kit (Qiagen) protocol. In order to increase the sensitivity of the study, the SSU rRNA gene region was amplified by PCR method. Results: Microscopic examination showed that 89 of the 164 stool samples (54,26%) were found to be positive for Cryptosporidium spp.oocysts. Eightynine samples which were found to be positive by microscopic examination and fixed in %10 formalin were studied by PCR, and 74 (45,12%) of them were positive. Conclusions: Cryptosporidiosis, which is known to cause severe infections, especially in immunocompromised individuals and children, is transmitted by the fecal-oral route from infected humans and animals, and contaminated water and nutrients. Cryptosporidiosis, which is the result of fecal pollution, causes a great risk for human health even with a low number of oocysts due to the fact that oocysts are resistant to chlorine and they can survive for a long time in the outer environment. It was observed that primary school children living in the area of the study were under risk for cryptosporidiosis.
INTRODUCTION
Cryptosporidium spp. which is an obligate intracellular parasite belongs to the coccidia subgroup of Apicomplexa class. This parasitosis was identified for the first time in gastric crypts of laboratory mice by Ernest Edward Tyzzer in 1907. 1 Oocysts of the parasite which causes gastroenteritis in many vertebrae and humans are 4-6 µm in size and transmit between organisms with consumption of stool-contaminated water and food. [2] [3] [4] The incidence of Cryptosporidium spp. is high among some occupational groups (persons dealing with animal husbandry, veterinarians, laboratory personnel, day care center personnel), children and elderly people, persons traveling to the endemic areas, those living in environments with poor hygienic conditions, and persons who contact with infected individuals. There have been Cryptosporidium epidemics known to be originated from public swimming pools, food eaten from the same plates, jointly eaten meals, and non-hygienic water resources. 6 Transitions from animals to humans in rural areas have also been reported. 5 Cryptosporidiosis symptoms vary depending on the type, immunity, and age of the infected host. 7, 8 The disease causes asymptomatic infection or spontaneously resolved diarrhea in persons with healthy immune system, it may lead to chronic diarrhea with severe progression; pancreas, gallbladder and respiratory tract infections; and mortality. 9 Lack of clean water and sanitation facilities, crowded home environment, and close contact with reservoir animals are known to increase the prevalence of the parasite.9 Several studies from Turkey have reported the prevalence between 0%-35.5%. 8, 10, 11 In this study, we aimed to determine Cryptosporidium spp., which is thought to cause digestive system complaints by Modified Acid-Fast (MAF) staining method and Polymerase Chain Reaction (PCR) in children attending to Ordu Primary School.
MATERIAL AND METHODS
Before the beginning of the study, 2018 dated and 174 numbered approval was received from the Ordu University Clinic Research Ethics Committee.
Sample Collection and Purification of the Ocystes with Sucrose Gradient Centrifugation
Stool samples were collected from the school children, and centrifuged; smears from the sediments were prepared on the slides, dried and examined under a light microscope with X100 magnification using MAF staining method. The positive samples were fixed in 10% formalin and kept at +4 o C until the analysis. Each sample found positive with the microscopic examination was subjected to serial centrifugation in order to remove PCR inhibitors and formol. Stool samples were purified with Sheather's sugar flotation technique described by Karanis and Kimura 12, and the supernatant portion was removed. The samples were then put into 1 mL pellet Eppendorf tubes and stored at -80 o C until DNA isolation.
DNA Isolation and Imaging of Cryptosporidium oocysts with PCR Method
DNAs were extracted from all stool samples that were purified with sucrose gradient method, with the QIAamp DNA Mini Kit using the protocol modified by Plutzer et al. 13 Hot Start Taq DNA Polymerase Kit (Qiagen), 25 mM dNTP mix, 10 pmol CPBD AGF, and CPBDIAGR primers;
(CPBDIAGF: 5'-AAGCTCGTAGTTGGATTTCTG-3', CPBDIAGR: 5'-TAAGGTGCTGAAGGAGTAAGG-3') and 1 μl DNA was used for PCR. Nuclease-free water (Hyclone, catalog no: SH30538.02) was added so as to provide a total volume of 25 µL. The reaction mixture prepared was vortexed and left to incubation in PEQlab PCR device at 95 o C for 15 minutes, at 95 o C for 30 seconds, at 48.7 o C for 1 minute, at 72 o C for 30 seconds (45 cycles), and at 72 o C for 10 minutes. The PRC products obtained were kept at +4 o C until the analysis. Positive and negative controls were used for each test. The products were then stained with ethidium bromide and loaded to 1.5% agar. After running in the gel electrophoresis at 100 V for 6a minutes, the bands were displayed under UV (Prizma/Quantum ST4).
RESULTS

Microscopic
examination revealed Cryptosporidium spp. positivity in 89 (54.26%) of 164 stool samples. Eighteen-nine positive stool samples were fixed in 10% formalin until PCR analysis. In order to increase the sensitivity of the study, the SSU rRNA gene region was amplified with the PCR method, and 74 (45.12%) of 89 stool samples (Figures 1 and 2 ). We observed that the data obtained with staining and PCR methods were closely similar. determine the epidemiology of Cryptosporidium spp., and 161 (7.1%) was found positive. 15 Again, in a study performed in Van to determine the presence of Cryptosporidiosis, stool samples of 2000 children with 870 being girls and 1130 boys aged between 0 and 15 years who had complaints of diarrhea were studied. In addition, stool samples of randomly selected 100 children were used as the controls. Sample stool collected from the children were studied with MAF and Enzyme-Linked Immunosorbent Assay (ELISA. In conclusion, the presence of Cryptosporidium spp. oocysts were determined in 97 (4.9%) of 200 children, while staining method found positivity only in 39 (1.95%) children. Both methods could not found parasites in the control group. 16 In a study by Elgun and Koltas in Adana province between October 2008 and July 2009, Cryptosporidium spp. oocysts were found in 8 (5.19%) of 154 stool samples with MAF staining method. The authors detected Cryptosporidium spp. the antigen in 37 (24%) of the samples with ELISA (Microwell ELISA) method. 17 Similarly, Şahin et al. examined stool samples of 191 villagers living in a village of Buca County who had diarrhea in ızmir Province with Kinyoun acidfast stain method, and detected Cryptosporidium spp. in 15 (7.9%) and Cyclospora cayetanensis in 9 (4.71%) of the patients. The authors stated that the possible suspected origin of this outbreak was the contaminated mains water reservoir which provided water to the village. 14 19 The authors found positive amplification products in 13 (10%) of the samples with 12 (37.5%) being from the calves and one (1.02%) from the human stools, using Nested PCR method. In a study from Iran, stool samples collected from children < 12 yo with diarrhea were studied acid-fast staining method in order to determine the presence of Cryptosporidium infection in children, and positive samples were subjected to DNA isolation. Next, Thrombospondin-Related Adhesive Protein of Cryptosporidium-2 (TRAP-C2) gene was amplified with Nested PCR using Cryptosporidium spp. specific primers. In conclusion, 12 samples were found to be positive for Cryptosporidium spp. The products obtained were subjected to Restriction Fragment Length Polymorphism (RFLP) technique using (266-366 bp) BstEII and HaeIII enzymes. C. Parvum infection was detected in 10 (83.3%), C. hominis infection in 1 (8.3%) and mixed infection in 1 (8.3%) of 12 samples that were found positive with Nested PCR amplification. 20 Similarly, Ulcay et al. tried to determine which laboratory method should be used to determine intestinal protozoa that may cause gastroenteritis in immunodeficient patients with complaints of diarrhea. 21 The authors studied 36 immunodeficient patients who had diarrhea for more than 10 days and 44 immunodeficient patients who had no diarrhea: Nativ-Lugol, trichrome, MAF, ELISA, DFA, and PCR techniques for investigation of the stool samples. The authors reported the most common agents responsible for chronic diarrhea in the immunodeficient patients as intestinal protozoa such as Giardia intestinalis and C. Parvum. In addition, DNA was isolated from 162 diarrheal stool samples collected from the patients who presented to the Medical Faculty in Izmir, in order to determine and classify Cryptosporidium spp. Fifteen of 18 samples found positive with Kinyoun acid-fast stain method was found positive also with PCR technique, whereas 6 of 144 samples that could not found positive with staining method were positive with PCR. PCR products of Cryptosporidium spp. oocyst wall protein (COWP) gene region was then cut with RsaI enzyme, and Cryptosporidium meleagridis was found in 1 and C. parvum in 20 samples. 22 In our study also 89 stool samples found positive with microscopic examination and fixed in 10% formalin and studied with the PCR method, and 74 (45.12%) samples were found positive.
Another study was performed in order to investigate the efficacy of PCR method in fresh stool samples and samples stored in formaldehyde in the diagnosis of Cryptosporidiosis. In that study, a total of 33 stool samples collected from 22 patients with 23 of the samples being fresh and 10 being fixed in 10% formaldehyde in the Ege University Medical Faculty Hospital, Department of Parasitology with Nested PCR method. At the end of the study, sensitivity and specificity of PCR were found as 100% in the fresh stool samples, while sensitivity was found as 50% in the formaldehyde-fixed samples. 23 In our study also 89 stool samples found positive with microscopic examination and fixed in 10% formaline and studied with PCR method, and 74 (45.12%) samples were found positive. We found the sensitivity of PCR as 83%. This may be interpreted as that formol-fixed method may increase negativity in PCR outcomes of the parasite.
CONCLUSION
Cryptosporidiasis, which is known to cause severe infections, especially in immunocompromised individuals and children, is transmitted by fecaloral route from infected humans and animals, and contaminated water and nutrients. Ranching is widespread in the area of this study. Previous studies have reported the incidence of Cryptosporidium spp. as 65.5% in water found in Ordu and Sinop provinces. In our study, the incidence was found as 54.26% with MAF method, and 45.12% with PCR techniqe. This results suggest that this parasite might be transmited to the patients with contaminated water and animals. We could not find any previous study investigating epidemiology in this parasite in pediatric patients. This study is the first conducted in this area and provided clues about routes of the parasite to infect humans. Accordingly, this study will guide programs about protection against and control of the parasite. In addition, we found that primary school children in the study region might be at risk for Cryptosporidiosis. In the study, children were informed about the transition and protection ways of the parasite, and they were checked up and treated.
